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Senyawa rasemik dari spiro-epoksida, (7RS, 1RS, 3RS)-phenethyl-10-
oxa-1,3-dithia-spiro[6,7]octane 1,3-dioxide 12, dapat disintesis dalam 
empat langkah berturut-turut, dimulai dari 1,3-dithiane 8 yang tersedia 
secara komersial. Sintesis aza β-lactam, 1,2-dimethyl-4(R,S)-phenethyl-
[1,2]diazetidin-3-one 13 telah dicapai dengan cara dibukanya cincin 
epoksida oleh garam 1,2-dimethyl hydrazine dan hasil yang diperoleh 40 %. 




Racemic spiro-epoxide, (7RS, 1RS, 3RS)-phenethyl-10-oxa-1,3-dithia-
spiro[6,7]octane 1,3-dioxide 12, can be synthesised in four step reactions, 
sequences starting from the commercially available 1,3-dithiane 8. The 
synthesis of aza β-lactam, 1,2-dimethyl-4(R,S)-phenethyl-[1,2]diazetidin-3-
one 13, was successfully carried out by opening the epoxide by 1,2-dimethyl 
hydrazine salt in moderate yield. 
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Introduction 
The fight against bacterial infection is 
one of the great success stories of medicinal 
chemistry. One class of powerful antibacterial 
agents in human life developed some time ago 
is β-lactam antibiotics. These saved thousands 
of lives during World War II but more recently 
it has become less popular in the treatment of 
infectious diseases because of bacterial resis-
tance. The mechanism of this type antibacterial 
agent is in the inhibition of bacterial cell wall 
synthesis. 
Aza β-lactams have similar nucleus to β-
lactam antibiotics (Figure 1). They are compo-
sed of bicyclic systems with two nitrogen atoms 
in 4-membered ring and without sulfur atom in 
the five membered ring. Similar to the β-lactam 
ring system in the β-lactam antibiotic 
compounds, aza β-lactams have also been 
synthesised and it is assumed that they have 
similar activity to β-lactam antibiotics. Taylor 
has been engaged in a program aimed at 
synthesising highly strained aza analogues of 
bicyclic β-lactam antibiotics. The aza β-lactam 
ring system can be described as the 1,2-
diazetidin-3-one ring system as seen in 1 and 2 
(Figure 1) (Durckheimer et al., 1985). 
 
Figure 1 Compounds that possess aza β-lactam   
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The stereospecific ring opening of epoxide 3 
with a range of nucleophiles has demonstrated 
that enantiomerically pure 1,2-diazetidin-3-one 
ring systems can be obtained using the 1,3-
dithiane-dioxide as a chiral auxi-liary (Barrell, 
1999). 
Ring opening of the epoxide 3 with 
amines has been carried out using 
benzhydrylamine (Canas et al., 1991, Jackson et 
al., 1995, Satoh et al., 1985) as the nucleophile. 
The reaction was carried out in acetonitrile in 
the presence of LiClO4 and yielded the 
protected amino amide 4 in excellent yield     
(81 %) and enantiomeric excess (> 98 %), 
along with the expected byproduct, 1,2-
dithiolane-1-oxide 5 (Scheme 1) (Aggarwal et 
al., 1997, Aggarwal et al., 1998). 
 
Scheme 1   Reagents and Conditions:                      
(a) Ph2CHNH2 (2.0 eq.), LiClO4, 
MeCN, 81 %, > 98 % ee. 
 
Furthermore, epoxide 3 was opened with 
the commercially available chiral diamine: (1R, 
2R)-1,2-diaminocyclohexane 6 (Scheme 2) 
(Barrell, 1999). The amino amide product 7 was 
obtained as a single diastereomer in good yield. 
The absolute stereochemistry of the α-phenyl-
keto centre in 7 was confirmed as (S) by an 
nOe study (Barrell, 1999, Kurokawa and 
Ohfune., 1993). This, by inference, proves that 
the stereochemistry of the epoxide was (R) 
since the ring opening of heterosubstituted 
oxiranes with nitrogen nucleophiles has been 




Scheme 2 Reagents and Conditions: (a) MeCN, 
r.t., 24 h, 65 %. 
 
This present work demonstrates the use 
of  epoxides 3 to synthesise aza β-lactam (1,2-




The synthesis is summarised in the scheme 
below.  
Scheme 3 Reagents and Conditions: (a) NCS, P(OEt)3, 
benzene, r.t. 24 h; (b) 50-60 ºC, 5 h, 86 
%; (c) NaIO4, 30 % H2O/MeOH, r.t., 4 
days, 71 %; (d) PhCH2CH2CHO, LiOH· 
H2O, dioxane, reflux, 2 h, 63 %; (e) 
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H2O2, NaOH, DCM, MeOH, -10 ºC, 20 
min., 63 %; (f) MeNHNHMe·2HCl, 
Hünig’s base, CH2Cl2, r.t, 24 h, 58 %.  
Synthesis of 1,3-Dithiane-2-diethylphospho-













To a solution of dithiane (50 mmol, 6.0 g) in 
benzene (50 mL) was added N-chlorosuccinimide 
(50 mmol, 6.7 g) in benzene (100 mL). The mixture 
was stirred for 24 hours at room temperature. 
Triethylphosphite (60 mmol, 10.3 mL, 10 g) was 
then added dropwise and the solution heated to 50 – 
60 oC for 5 hours. The succinimide was filtered off 
and the solvent removed. Flash column chromato-
graphy (SiO2) using EtOAc/petrol, 1:1 as eluent 
afforded 9  (10.98 g, 86 %) as low melting crystals 
(not possible to determine the melting point). 
Recrystallisation from EtOAc/petrol gave pure 9 
(8.31 g, 62 %), Rf  (EtOAc/ petrol, 1:1) 0.42; δH (270 
MHz; CDCl3) 1.30 (6H, t, J 7.2, (CH2CH3)2, 1.92 
(1H, dtt, J 13.8, 11.1, 2.6, 5-Hax), 2.05 (1H, m, 5-
Heq), 2.50 (2H, ddd, J 14.0, 5.6, 2.6, 4-Heq and 6- 
Heq), 3.45 (2H, dddd, J 14.0, 11.1, 2.6, 4JHP 2.6, 4-Hax 
and 6- Hax), 3.52 (1H, d, 2JHP 18.6, 2-H), 4.20 (1H, 
dq, 3JHP 7.2, 3JHH 7.2, (CH2CH3)2) [lit.(Barrell, 1999) 
(250 MHz; CDCl3), 3.45 (2H, dddd, J 13.8, 11.9, 2.8, 
2.8, 4-Hax and 6- Hax)]. 
 
Synthesis of [(1RS, 3RS)-1,3-Dioxo-1λ4,3λ4-















To a solution of 1,3-dithiane-2-diethyl-
phosphonate 9 (4.5 mmol, 1.14 g) in MeOH (15 
mL) and H2O (5 mL), was added sodium 
metaperiodate (17.9 mmol, 3.83 g). After 4 days 
stirring at room temperature, the sodium was 
filtered off and the MeOH removed under reduced 
pressure. The resulting solid was dissolved in H2O 
(10 ml) and the products were extracted using 
CHCl3 (8 x 25 mL). The combined organic layers 
were dried over MgSO4, filtered and evaporated. 
Flash column chromatography (SiO2) using 
MeOH/CHCl3, 1:9 as eluent afforded 10 as a white 
solid (0.916 g, 71 %), Rf (EtOH/CHCl3, 1:9) 0.21, 
m.p. 105-106 oC [lit (Barrell, 1999) m.p. 105-106 oC]; 
δH (270 MHz; CDCl3) 1.31 (3H, td, 3JHH 6.6, 4JHP 0.6, 
CH3), 1.35 (3H, td, 3JHH 6.9, 4JHP 0.6, CH3), 2.47-2.71 
(2H, m, 5-Hax and 5-H eq), 2.96-3.17 (2H, m, 4-Hax 
and 6-Heq), 3.38-3.56 (1H, m, 4-Heq), 3.65-3.81 (1H, 
m, 6-Hax), 4.17-4.33 (4H, m, (CH2CH3)2), 4.39 (1H, 
d, 2JHP  17.1, 2-H). 
Synthesis of 2-(3-Phenyl-propylidene)-[1RS, 















To a suspension of phosphonate 10 (3.95 
mmol, 1.14 g) and LiOH·H2O (2.28 mmol, 96 mg) 
in 1,4-dioxane (17.0 mL) under nitrogen, was added 
the 3-phenyl-propionaldehyde (5.88 mmol, 778 µL). 
The reaction mixture was heated to reflux for 2 
hours, the solvent was removed under reduced 
pressure. The residue was dissolved in water (30 
mL) and the product extracted with chloroform (4 x 
50 mL). The combined organic extracts were dried 
over MgSO4, filtered, and solvent removed under 
reduced pressure. Flash column chromato-graphy 
(SiO2) (EtOH/EtOAc, 1:9) yielded 11 as a white 
crystalline solid (669 mg, 63 %), Rf (EtOH/CHCl3, 
1:9) 0.50, m.p. 132-134 oC (DCM/hexane); (Found: 
C, 58.2; H, 6.0 C13H16O2S2 requires C, 58.2; H, 6.0); 
νmax (KBr)/cm-1 1045 (R-SO-R); δH (400 MHz; 
CDCl3) 1.25 (1H, ddd J 13.7, 13.7, 2.9, 4-Hax) 2.05-
2.12 (1H, dm, J 15.1, 5-Heq) 2.51 (1H, ddd, J 13.7, 
11.2, 2.4, 6-Hax) 2.67-2.75 (2H, m, 4-Heq and 9-H) 
2.82-2.92 (3H, m, 5-Hax and 8-CH2) 3.05 (1H, m, 9-
H) 3.45-3.51 (1H, dm, J 11.7, 6-Heq) 6.67 (1H, t, J 
8.3, 7-H) 7.14-7.32 (5H, m, Ph); δC (100 MHz; 
CDCl3) 14.7 (t), 31.0 (t), 34.5 (t), 48.1 (t), 55.6 (t), 
126.7 (d), 128.7 (2d), 129.3 (2d), 138.5 (s), 140.0 (d), 
146.7 (s); m/z (EI) 268 (M+; 18), 251 (55), 129 (69), 
91 (100). 
 

















Ketene-dithioacetal-dioxide 11 (0.54 mmol, 
145 mg)  was dissolved in MeOH (3 mL) and DCM 
(1 mL) with stirring and cooled to –10 oC. H2O2 
(1.62 mmol, 8.8 M, 190 µL) was added, followed by 
aqueous NaOH (0.27 mmol, 3 M, 90 µL). The 
reaction mixture was stirred at –10 oC for 20 
minutes. The mixture was quenched with H2O (15 
mL) and extracted using DCM (5 x 30 mL). The 
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organic combine extracts were dried over MgSO4 
and the solvent removed under reduced 
pressure.The solid obtained was recrystallised from 
DCM/hexane at low temperature to give 12  (89.3 
mg, 58 %), Rf (EtOH/EtOAc, 1:9) 0.22, m.p. 104-
106 oC (EtOAc); νmax (KBr)/cm-1 2953 (C-H), 1266 
(epoxide ring), 700 (epoxide ring); δH (400 MHz; 
CDCl3) 2.04-2.14 (1H, m, 8-H), 2.28-2.39 (3H, m, 4-
H, 5-H, 8-H) 2.60-2.72 (1H, m, 5-H), 2.77-2.85 (2H, 
6-H and 9-H) 2.95-3.09 (2H, m, 4-H and 9-H) 3.32-
3.39 (1H, m, 6-H), 3.84 (1H, t, J 6.4, 7-H), 7.22-7.36 
(5H, m, Ph); δC (100 MHz; CDCl3) 14.2 (t), 29.1 (t), 
32.7 (t), 48.6 (t), 49.9 (t), 60.2 (d), 84.5 (s), 126.8 (d), 
128.8 (2d), 129.0 (2d), 140.0 (s); (M+, Found 
284.0537 C13H16S2O3 requires 284.0541) m/z (EI) 
284(M+; 1), 207 (17), 181 (22), 104 (32), 91 (100), 77 













To a suspension of 1,2-dimethyl-hydrazine 
dihydrochloride (0.38 mmol, 50 mg) in DCM (1 mL) 
was added Hünig’s base (0.94 mmol, 164 µL). After 
stirring for 15 minutes a solution of the epoxide 12 
(0.25 mmol, 71 mg) in DCM (1 mL). After 24 hours, 
the reaction was worked up addition of water (2 
mL), and extracted with EtOAc (4 x 10 mL). The 
combined organic extracts were dried over MgSO4, 
filtered and the solvent removed under reduced 
pressure. Flash column chromato-graphy (SiO2) 
(EtOAc only) gave 13 as colourless oil (31 mg, 61 
%), Rf (100 % EtOAc) 0.40, νmax (KBr)/cm-1 1755 
(C=O) 1354 (C-N); δH (400 MHz; CDCl3) 2.07-2.13 
(2H, m, 5-H), 2.63 (3H, s, 8-CH3), 2.76-2.80 (2H, m, 
6-H), 2.98 (3H, s, 7-CH3), 3.67 (1H, t J 6.9, 4-H), 
7.11-7.24 (5H, m, Ph); δC  (100 MHz; CDCl3) 30.4 
(q), 30.9 (t), 31.6 (t), 45.6 (q), 80.4 (d), 126.2 (d), 
126.4 (2d), 128.5 (2d), 140.8 (s), 171.5 (s); (M+, 
Found 204.1255. C12H16N2O requires 204.1263); 
m/z (EI) 204 (M+; 17), 146 (16), 120 (20), 91 (26), 
84 (100). 
 
Result and Discussion 
The synthesis was started from the 
commercially available 1,3-dithiane 8. This 
simple molecule could be transformed into 1,3-
dithiane-2-diethylphosphonate 9 using an 
Arbuzov reaction with N-chlorosuccinimide 
(Drabowicz, 1986, Satoh et al., 1985, Satoh et 
al., 1989, Satoh et al., 1992) and triethylphos-
phite in benzene in 86 % yield. Sodium 
periodate oxidation of 1,3-dithiane-2-diethyl-
phosphonate 9 (Aggarwal et al., 1990) in a 30 % 
water/methanol mixture at room temperature 
for four days yielded solely trans-dioxides 10 
(Barrell, 1999, Worral, 1996) in 70 % yield. This 
light sensitive product was only soluble in very 
polar solvents, such as H2O. The HWE 
reaction of trans-dioxide 10 with an aldehyde 
was carried out at reflux for 2 hours and gave 
good yields of 11 (> 70 %).  
The ring opening of epoxide 12 to yield 
the 4-membered ring aza β-lactam 13 was firstly 
investigated with 1,2-dimethyl hydrazine 
following a literature procedure, as described 
above (Scheme 3). Slow consumption of the 
epoxide 12 was observed and the product 1,2-
diazetidin-3-one 13 was obtained in a moderate 
40 % yield. 
 
Conclusion 
Application of the spiro epoxide 12 in 
the synthesis of aza β-lactam 13 has been 
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